Application No. 10/762,566 
Amendment dated August 1 , 2008 
Reply to Office Action of April 16, 2008 



Docket No.: 20342/1 2025294JS I 



REMARKS 

Claims 2, 3, 6-9, 12-15, 17-34, 36, and 50 are pending and at issue. Claim 2 has been 
amended to call for "anagrelide in an amount effective to treat thrombocythemia." Support for this 
amendment can be found at the abstract, claim 1 as originally filed, and p. 3, 11. 16-26, and p. 5, 11. 
5-10 of the application, as filed. No new matter has been added by this amendment. 

Interview With the Examiners on May 20, 2008 

Marc Gross and the undersigned thank Examiner Hughes and Examiner Henley for their 
helpful discussions related to this case. During the interview, the Miranda patent disclosure, "anti- 
thrombotic" agents and agents for treating thrombocythemia, claim amendments, and unexpected 
results were discussed. 

Thrombosis and thrombocythemia are distinct conditions 

The Examiner requested that Applicant present a showing that thrombosis and 
thrombocythemia are distinct conditions. In response, Applicant submits as Exhibit 1 - a review 
article entitled Thrombocytosis and thrombosis . 1 The article demonstrates that thrombocythemia 2 
and thrombosis are distinct conditions, and that thrombosis is not a natural consequence of 
thrombocythemia (high platelet count). For example, at col. 2, p. 366, Exhibit 1 states: 

Generally speaking, reactive thrombocytosis is not a risk factor for 
thromboembolic complications .... Thrombotic complications have 
been reported infrequently in hereditary thrombosis as well as in 
childhood reactive thrombocytosis. Underlining added. 

Importantly, Exhibit 1 at p. 367, col. 1, references multiple studies that show no direct relationship 
between increased platelet count in patients with thrombocythemia and the distinct condition of 
thrombosis. In addition, Exhibit 1 states: 

1 Vannucchi and Barbui, Thrombocytosis and Thrombosis, Hematology , V. 1, pp. 363-370 (2007). 

2 Thrombocytosis and thrombocythemia are synonyms. See the definition of thrombocytosis from Exhibit 2 9 submitted 
herewith. 
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As for thrombocytosis per se, no obvious correlation with risk of 
major cardiovascular events has been demonstrated in a number of 
studies, although clinical improvement of microcirculatory 
disturbances and/or improved platelet function after control of 
thrombocytosis have been reported. Exhibit 1, p. 367 5 col. L 

Thrombosis can be defined as a major cardiovascular event - i.e., the formation of a clot 
inside a blood vessel 

For example, in 1638 patients with polycythemia vera (PV), platelet count was not 
associated with thrombosis (Exhibit 1, 1 st column, 1 st full paragraph, p. 367). In addition, the 
article reports on a study of 809 patients with essential thrombocythemia, that were administered 
hydroxyurea or anagrelide, along with low dose aspirin. Despite administration of the 
thrombocythemia drugs, patients did not reach a thrombosis endpoint (Exhibit 1, 1 st column, p. 
367), Taken together, these studies indicate that the two conditions of thrombosis and 
thrombocythemia are distinct, and therefore, that a disclosure that a drug can treat thrombosis does 
not suggest that it can treat thrombocythemia. These studies are in line with the arguments 
presented in the March 28, 2008 response to the Office Action: 

Thrombosis is the formation of blood clots whereas thrombocythemia 
is a disorder associated with the increased or abnormal production of 
blood platelets. Although blood clotting can result from platelet 
aggregation, patients with thrombosis do not necessarily have 
thrombocythemia and patients suffering from thrombocythemia do not 
necessarily have thrombosis. Furthermore, not all antithrombotic 
drugs can be used to treat thrombocythemia. 

Based on Exhibit 1, as well as the prior response and new arguments submitted herewith, 
Applicants request reconsideration of the outstanding rejections in this case. 

Claims 2 and 12 

During the course of the interview, potential amendments of claim 2 were discussed, 
specifically, the incorporation of claim 12 5 s limitations into claim 2 was discussed. Based on the 
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arguments above, and the submission of Exhibit 1 herewith, Applicant views the suggested 
amendment as unnecessary to establish patentability. The invention is based on the unexpected 
finding of the reduction in plasma concentration of 3-hydroxy anagrelide by the transdermal 
administration to patients with thrombocythemia. The specific conditions associated with 
thrombocythemia, in the applicant's view, are not necessary to establish patentability of claim 2. 

First Rejection under 35 U,S,C, S103(a) - Obviousness 

Claims 2, 3, 6-9, 12, 17-20, 26, 27, 32, 36, and 50 have been rejected as obvious over U.S. 
Patent No. 6,194,420 ("Lang") in view of U.S. Patent No. 6,221,383 ("Miranda") and in further 
view of U.S. Patent No. 6,024,975 ("D'Angelo")* The Examiner asserts that Lang teaches 
anagrelide containing pharmaceutical compositions to treat essential thrombocythemia. According 
to the Examiner, Miranda describes the transdermal administration of anagrelide. The Examiner 
asserts that D'Angelo teaches the transdermal delivery of drugs using a patch system. The 
Examiner contends that one of ordinary skill in the art would be motivated to combine the teachings 
of Lang with the teachings of Miranda because both describe the administration of anagrelide as 
part of a pharmaceutical composition. The Examiner further asserts that one skilled in the art would 
combine the teachings of Lang, Miranda, and D'Angelo because when the teachings of Lang and 
Miranda are combined, these teachings overlap with D'Angelo in subject matter, i.e., the 
administration of medicaments, particularly anagrelide, by transdermal delivery. 

Second Rejection under 35 U.S.C S103(a1 - Obviousness 

Claims 21-23 and 28-31 have been rejected as obvious over Lang in view of D'Angelo and 
further in view of U.S. Patent No. 5,133,972 ("Ferrini")- The Examiner incorporates by reference 
the discussion of Lang and D'Angelo from the above rejections. Ferrini, according to the Examiner, 
teaches a multilayered therapeutic system for the transdermal administration of an active ingredient. 
The Examiner asserts that a skilled artisan would be motivated to combine Lang, D'Angelo, and 
Ferrini because each describes the administration of medicaments by transdermal delivery. 
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Third Rejection under 35 U.S.C, S103(a^ - Obviousness 

Claims 13-15, 24-25, 33-34, and 36 have been rejected as obvious over Lang in view of 
D'Angelo and in further view of U.S. Patent No. 4,847,276 ("Yarrington"). The Examiner 
incorporates by reference the discussion of Lang and D'Angelo from the above rejections. The 
Examiner asserts that Yarrington teaches the treatment of thrombocythemia by the administration of 
anagrelide using particular regimens. According to the Examiner, one of ordinary skill in the art 
would be motivated to combine the teachings of Lang, D'Angelo, and Yarrington because each 
relate to the treatment of thrombocythemia. 

For all three of these obviousness rejections, the Examiner contends that "Applicant has 
elucidated an inherent biochemical mechanism regarding the administration of anagrelide." See, 
e.g., page 3 of the Office Action. 

Applicant's Response to the Obviousness Rejections 

Applicant respectfully traverses each of the obviousness rejections. As stated above, 
thrombosis and thrombocythemia are distinct conditions and may be treated by distinct 
pharmaceutical agents. Therefore, one of ordinary skill in the art would not have been motivated to 
use transdermal anagrelide for thrombocythemia based on a teaching that anagrelide is used for the 
treatment of thrombosis. In addition, no reasonable expectation of success exists for the treatment 
of thrombocythemia with transdermal anagrelide. Such an expectation is required for a finding of 
obviousness. See MPEP §2143.02. The Supreme Court stated in KSR vs. Teleflex: 

When there is a design need or market pressure to solve a problem 
and there are a finite number of identified, predictable solutions, a 
person of ordinary skill has good reason to pursue the known options 
within his or her technical grasp. If this leads to the anticipated 
success, it is likely the product not of innovation but of ordinary skill 
and common sense. KSR v. Teleflex, 127 S. Ct 1727, 1742 (2007). 

In the present case, an expectation of success does not exist, because thrombocythemia is 
distinct from thrombosis. Treatment for one condition, therefore, cannot be said to transfer to the 
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other. In addition, the cited prior art does not provide a finite number of predictable solutions. To 
the contrary, thousands of active agents were listed by Miranda. For at least these reasons, the 
success achieved in the present case was not anticipated. 

The Examiner has not provided any motivation or teaching that would have led one of 
ordinary skill in the art to arrive at the components of the present invention. Miranda teaches the 
use of anagrelide among fifteen drugs for the treatment of thrombosis, not thrombocythemia . The 
fact that anagrelide is listed in a section for antithrombotic drugs does not provide a reasonable 
expectation of success or make it obvious to try anagrelide (more so than any of the other 
antithrombotic agents listed) in a transdermal formulation for the treatment of thrombocythemia, or 
for that matter, any of the thousands of other active agents listed in Miranda for the treatment of 
other diseases. The Examiner fails to provide a reason as to why it would have been obvious for the 
ordinary skilled artisan to select anagrelide from the vast list of thousands of active agents. See 
Ortho-McNeil Pharmaceutical, Inc. v. Mylan Laboratories, 520 F.3d 1358, 1364 (Fed. Cir. 2008), 
Additionally, Miranda lacks a teaching that would have led one skilled in the art to select the 
claimed materials (from among numerous others) in order to decrease formulation of 3 -OH 
anagrelide and reduce adverse side effects of anagrelide in the treatment of thrombocythemia. 

Additionally, the present claims would not have been obvious to one of ordinary skill in the 
art because, as discussed in the response filed September 19, 2007, Applicant unexpectedly 
discovered that transdermally administering anagrelide to minimize first pass liver metabolism as 
set forth in the claims would circumvent the formation of 3-hydroxy anagrelide and the adverse 
cardiovascular side-effects observed when anagrelide is administered orally. This surprising result 
is discussed in the Declaration pursuant to 37 C.F.R. §1.132 by Dr. Richard Franklin ("the Franklin 
Declaration"), the present inventor, submitted on September 19, 2007. 

In the Franklin Declaration, summarized in the amendment dated September 19, 2007, 
Franklin explains his surprising discovery that the adverse cardiovascular side-effects, plaguing 
many thrombocythemia patients orally treated with anagrelide, were caused by the 3-hydroxy 
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metabolite of anagrelide formed during its first pass liver metabolism (f 7 of the Franklin 
Declaration). See also the Citizen Petition dated August 13, 2004 related to anagrelide (e.g., the 3 rd 
complete paragraph on page 8 stating that 3 -hydroxy anagrelide is the likely cause of the 
cardiovascular side-effects observed after the administration of anagrelide and the 4 th paragraph on 
page 1 1 summarizing that 3-hydroxy anagrelide is formed by first pass liver metabolism, Exhibit 1 
submitted on March 28, 2008); the section entitled "Pharmacological Properties" on page 1 13 of 
Wagstaff and Keating, Drugs 2006, 66:1 1 1-131 (the 3-hydroxy anagrelide metabolite is 40 times 
more potent than anagrelide as an inhibitor of PDEIII resulting in inotropic effects and systemic 
exposure to 3-hydroxy anagrelide is about twice of the parent in patients with thrombocythemia, 
Exhibit 2 submitted on March 28, 2008); the abstract of Wang et aL 9 British Journal of 
Pharmacology 2005, 146:324-332 (3-hydroxy anagrelide (i.e., BCH24426) is 40 times more potent 
than anagrelide as an inhibitor of PDEIII, Exhibit 3 submitted on March 28, 2008). 

In his Declaration, Franklin further details that the transdermal administration of anagrelide 
to minimize first pass liver metabolism and reduce the negative side-effects of orally administered 
anagrelide was surprising because (1) the 3-hydroxy anagrelide metabolite demonstrates an 
unprecedented increase in phosphodiesterase III (PDEIII) inhibitory activity in light of its minor 
structural change compared to the anagrelide parent and (2) adverse side-effects caused by the 
metabolite were the very opposite of the detoxification effect expected after liver metabolism of a 
drug flj 8 of the Franklin Declaration). In light of these surprising discoveries, methods of treating 
thrombocythemia by transdermally administering anagrelide to minimize first pass liver metabolism 
and to reduce 3-hydroxy anagrelide plasma concentrations and associated cardiovascular side 
effects compared to orally administered patients as recited in the amended claims would not have 
been obvious to one of ordinary skill in the art. 

Thus, Applicant respectfully requests entry of the amendments and withdrawal of each of 
the obviousness rejections. 
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Additional Declaration Pursuant to 37 C.F.R, §1,132 

Applicant stands ready to submit another declaration, pursuant to 37 C.F.R. §1.132, to 
confirm the above facts the above arguments regarding the differences between the nature and 
treatment of thrombosis and thrombocythemia, if the Examiner believes such a declaration would 
facilitate favorable reconsideration of this application. 

Conclusion 



In view of the above amendments and remarks, it is respectfully requested that the 
application be reconsidered, that the amendment be entered, and that all pending claims be allowed 
and the case passed to issue. If there are any other issues remaining which the Examiner believes 
could be resolved through a Supplemental Response or an Examiner's Amendment, the Examiner is 
respectfully requested to contact the undersigned at the telephone number indicated below. 

Dated: August I, 2008 Respectfully submitted, 

By ^ 

Shelly M. Ffajikp 
Registration ] 
DARBY & DARBY P.C. 
P.O. Box 770 
Church Street Station 
New York, New York 1 0008-0770 
(206) 262-8900 
(212) 527-7701 (Fax) 
Attorneys/Agents For Applicant 
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EXHIBIT 1 



^Srk\ Thrombocytosis and Thrombosis 

Afessandro M. Vannucchi and Tiziano Barbui 

University qf Florence, Hematology Department, Florence; Ospedali RiunKi cfi Bergamo, Divfsione di Ematologia, 
Bergamo, Italy 




The aim of this review is to discuss current diagnostic 
approaches to T and classification of, parents present- 
ing with thrombocytosis, in light of novel information 
derived from the discovery of specific molecular 
abnormalities in chronic myeloproliferative disorders 
(CMPD), which represent the most common cause of 
primary thrombocytosis. The JAK2V617F and the 
MPLW515UK mutations have been found in patients 
with essential thrombocythemla, polycythemia vera, 
and primary myelofibrosis, and less frequently in 
other myeloproliferative disorders complicated by 
thrombocytosis. However, neither mutation fs disease 
specific nor is it universally present in patients with 
elevated platelet counts due to a <?MPD; therefore, 
distinguishing between reactive and primary forms of 

The incidental discovery of an elevated platelet count in 
an otherwise asymptomatic subject, in the absence of any 
other hematologic abnormalities, represents an important 
diagnostic challenge. 1 In a steady stale, platelet produc- 
tion is rightly regulated by the hormone thrombopoietin 
(TPG)* which is primarily synthesized in the liver, with some 
contribution by the kidney. 2 The receptor for TPO, c-Mpl, 
is expressed mainly on mcgakaryocytic and platelet mem- 
branes. The amount of TPO made available to megakaryo- 
cytes in the bone marrow for their proliferation and matura- 
tion is controlled by clearance of the hormone through., 
binding to c-Mp! on circulating platelets. The lower the 
platelet, mass, the greater the amount of TPO delivered to 
megakaryocytes; conversely, when the platelet count in- 
creases, more TPO is sequestered in the circulation and 
stimulation to megakaryocy topoi esis is reduced. Thromb- 
ocytosis may be driven by increased; levels of TPO or be 
independent from it. 

Most cases of thrombocytosis are not of strict hemato- 
logic pertinence, since they occur in the setting of a sys- 
temic disorder (secondary, or reactive, thrombocytosis); 
actually, less than \ 0% of isolated thrombocytosis reflect a 
hematologic disorder (primary thrombocytosis), and the 
prototype is represented by essential drrombocythemia (BT). 
Primary thrombocytosis occurs also in other hematologic 
diseases, most of which fall within the category of chronic 
myeloproliferative disorders (CMPD); they include, m ad- 
dition to ET, polycythemia vera (PV) and primary myelofi- 
brosis (PMF), plus chronic myelogenous leukemia (CML) 
and other less-frequent entities. 3 Classification, pathoge- 
netic mechanisms, and diagnostic approach to thrombocy- 
tosis have been the subject of recent comprehensive rc- 



thrombocytosis, as well as among the different clinical 
entities that constitute the CMPD, still requires a 
multifaceted diagnostic approach that includes as a 
key step the accurate evaluation of bone marrow 
histology. The role of elevated platelet counts in 
thrombosis, which represent the predominant compli- 
cation of CMPD.significantly affecting prognosis and 
quality of life as well as, paradoxically, in the pathogen- 
esis of the hemorrhagic manifestations, will be 
discussed. Established and novel potential risk 
factors for thrombosis, including the clinical relevance 
of the J4«2V617F mutation, and current management 
strategies for thrombocytosis are also briefly dis- 
cussed. 



views, and for many details, the reader is referred to them. lA 
In tills review, we will focus on the impact on classification 
and diagnosis of thrombocytosis of novel information de- 
rived from discovery of molecular abnormalities, 3 - 5 such as 
the V617Fmutation m JAK2 or the W51 5L/K mutations in 
MPL y which occur in typical CMPD and related disorders 
with, elevated platelet count; in addition, data derived from 
largeelmicai studies, such as the European Collaboration on 
Low-dose Aspirin in Polycythemia Vera (ECLAP) 6 and the 
United Kingdom Medical Research Council Primary Throm- 
bocythemia 1 {M CR-PT1 ) studies, 7 will be discussed for their 
relevance to patient risk classification and management 

Defining Diagnostic Levels of Thrombocytosis 

In adults, platelet counts often fluctuate in the, absence of 
any clinically apparent reason, while in childhood they 
follow an age-dependent pattern: platelet counts greater 
than 500 x 107L have been found in 13% of neonates , at 
birth, 36% during the first month with a prevalence of . low- 
birth-weight infants, and .13% at 6 to 11 months of age; 
they then gradually decrease to normal levels in children 
aged 1 1 years or older,* In a survey of 10,000 healthy vol- 
unteers, aged 38 to 65, Ruggeri et al found 99 incidental 
thrombocytosis (0.99%), considered as a platelet count 
greater than 400 x 107L which corresponded to the 99th 
percentile in this population; in 92% of patients, the plate- 
let count normalized at second examination accomplished 
within a median of 8 months.* Interestingly, the likelihood 
of having confirmed thrombocytosis at second testing was 
10-fo3d higher in patients with platelet counts greater than 
600 x 10 9 /L at discovery (50% vs 5%), However, the extent 
of thrombocytosis is not a criterion for discriminating a 
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primary from a reactive proccss > since counts up to, or even 
greater than, 1000 x 10*/L are not unusual among patients 
with solid neoplasia, in particular lung - cancer, or with in- 
flammatory bowel disease. Conversely, theJM2V617F mu- 
tation has been detected in patients undergoing diagnostic 
procedures to exclude the possibility that they were bear- 
ing ET, even in the presence of platelet- counts lower than 
600 x 10VL, which is the threshold level indicated by both 
Polycythemia Vera Study Group (PVSG) and World Health 
Organization (WHO) diagnostic criteria (Tabic 1). In our 
own series of 421 patients with ET, we identified 49 who 
had platelet counts between 450 and 600 x 107L; 27 of 
these (55%) harbored the mutation, and all $ patients with 
platelet counts between 450 and 500 x JWL had the 
jM£2V617F mutant In the remaining- 22 patients, the di- 




' CML *PV,^S%\ >PMF^10%) • FtoKSva 

• RAR5-TpQ%) * RARS-T iffe50%) 



Figure 1. A working, motecular-based, classification of 
thrombocytosis/ 

Abbreviations: CML, chronic myelogenous leukemia; PV, polycy^errtia 
vera; -essential throrobocythemia; PMF, primary rfryelofibros^; sMj=, 
secondary (post-polycythem ic/posMhrombdcythem lc j myelofibrosis; 
RARS-T. refractory anemia with ringed sidero blasts and marked 
thrombocytosis; 5q~ MDS, myelodysplastic syndrome with 5q- 
abnormality. 



agnosis of ET was made according to a combination of 
WHO criteria even if the platelet count was lower than 600 
x 10% (fable 1); incidentally, none of these patients be- 
came JAK2V6X1V positive during a median follow-up of 
2.3 years (unpublished data). 

Altogether, these observations suggested the need for 
a reappraisal of the currently set level of 600 x 10VL plate- 
lets for me diagnosis of ET, since this value might prevent 1 
detection of early phases of disease; Therefore, an mterha- 
tionai panel of pathologists and clinical investigators re- 
cently prepared a proposal document, endorsed by mem- 
bers of the Clinical Advisory Committee for the revision of 
WHO Classification of Myeloid Neoplasms* in which they 
suggested lowering the level of platelets considered diag- 
nostic for ET to 450 x 1 07L (Table l).' w This should guar- 
antee that virtually no case of ET is missed, al- 
though it will certainly result in a significant in- 
crease in the number of diagnostic procedures per- 
formed. 



Causes of Thrombocytosis 

Elevation of platelet count occurring as an inher- 
ited familial disorder is exceedingly rare; most, 
cases of thrombocytosis are acquired and repre- 
sent cither a secondary or a primary process; A 
working, classification of thrombocytosis based on 
known recurrent molecular abnormalities is pre- 
sented in Figure L 

Hereditary tbrombocytosis/(HT) is a genetically 
heterogeneous condition Uiat niay be due either 
to TPO mutations transmitted as autosomal domi- 
nant disease* which increased translational 
efficiency for mutant TPO mRNA resulting in mark- 
edly elevated serum TPO levels, or to a Ser5Q5Asn- 
activating mutation in the transmembrane domain 



Table 1. Vis-a-vis comparison pf the 2001 WHO diagnostic criteria for essential thrornbocythemia (ET) and the 2007 expert 
panel proposal for revision. 



Current WHO criteria 26 



J^oposails for revision 10 



positive criteria 

1, Sustained. platelet counts 600.x 10 D /L 

2, Bone marrow biopsy specimen showing proliferation mainly 
of trte megakaryocyttc lineage with increased number of 
enlarged, mature megakaryocytes 

Exclusion criteria 

1, No evidence of polycythemia vera* 

Z No evidence of chronic myelogenous leukemia* 

3, No evidence of chronic idiopathic myelofibrosis* 
4> Mo evidence of myelodysplastic. syndromes 

5, No evidence that thrombocytosis is . reactive due to: 

a. underlying inflammation or infection 

b. underlying neoplasm 
e. prior splenectomy 



1 . Sustained platelet count £ 450 x 10 9 /l. 

2. Bone marrow biopsy specimen showing proliferation mainly of 
the megakaryocyte lineage with increased numbers of 
enlarged, mature megakaryocytes. No significant increase or 
left-shift of neutrophil granulopoiesis or erytnropoiesis 

3. Not meeting the WHO criteria for polycythemia vera, primary 
myelofibrosis, chronic myelogenous leukemia , myelodysplastic 
syndrome, or other myeloid neoplasm* 

4. Demonstration of wW/C?V617F or other clona) marker 
or, in th& absence of a clonal marker, 

no evidence for reactive thrombocytosis 



Diagnosis requires all four criteria are satisfied. 



' For details please refer to Vardiman et al 26 and Tefferi et al 10 . 
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of TPO receptor, c-MPL. 11 However, these mutations ac- 
count for only a minority of HT, since in most cases the 
disease-causing gene remains unknown; tohermore, true 
prevalence of HT is likely underestimated because it is 
generally asymptomatic and often not adequately sought. 
Another form of HT is due to a lysine to asparagine substi- 
tution at amino acid 39 {G 1 23 ST) in MPL (Mpl Baltimore), 
which has been described exclusively in Africari*Ameri- 
can descendants. This polymorphism, which is transmitted 
in an autosomal-dominant pattern with incomplete pen- 
etrance, is associated, with mild to extreme elevation of 
platelet counts depending on the heterozygous of homozy- 
gous status* respectively. 12 The molecular bases for throm- 
bocytosis are unclear; but this allelic variant resulted in 
reduced Mpl expression due to abnormal posMranslational 
processing of the protein. 

Secondary, or reactive, mrombocytosis is observed in 
a variety of underlying conditions, which may cause either 
an acute and transient elevation of platelet count (trauma, 
major surgery, acute bleeding), or more sustained thromb- 
ocytosis (as is the case of iron deficiency, chronic infec- 
tion, chronic inflammatory disease, or neoplasia), or even a 
lifelong increase of platelet count, such as in splenecto- 
mized or asplenia patients. In patients with lung cancer, 
thrombocytosis has prevalence as high as 30%, and it has 
been /a^ocia^^wifli- extensive and/or metastatic disease 
and worse prognosis. Reactive thrombocytosis is gener- 
ally accompanied by signs and symptoms of the underly- 
ing systemic disease, which provide a clue to diagnosis; 
however, especially in the case of hidden malignancy, get- 
ting a final diagnosis is difficult Unlike in adults, from 
one-third to two-thirds of cases of reactive to 
in childhood are due to bacterial or viral infections involv- 
ing the respiratory, gastrointestinal or urinary tract; less 
frequent causes arc hemolytic or iron-deficiency anemia 
(6%-12%), autoimmune diseases (4%-ll%), malignancy 
( l%-3%), or drugs, 8 

The most common cause of primary mrombocytosis is 
represented by one of tlie CMPD. CML sometimes presents 
with thrombocytosis, which may be even extreme; finding 
t(9;22)(q34-qll) by fluorescence in situ hybridization 
(FISH) analysis and/or BCR-ABL rearrangement with mo- 
lecular techniques is diagnostic; On the other hand, aW 
current molecular abnormality among Philadelphia chro- 
mosome-negative CMPD is represented by a somatic mu- 
tation in JAK2 7 consisting of a G-to-T exchange at nucle- 
otide 1849 in exon 14 and resulting in the substitution of 
valine to phenylalanine at codon 617 (V617F). The muta- 
tion is located in the JH2-negative regulatory pseudokinase 
domain and causes constitutive activation of the JAK2- 
STAT signaling pathway, which underlies the characteris- 
tic hypersensitivity of hematopoietic progenitors to cyto- 
kines. l3 " ,6 The,mutation has been found in virtually all cases 
of PV (greaterthan 95% are positive), in 50% to 70% of ET 
and in 50% to 60% of PMF patients. As a result of mitotic 
recombination affecting chromosome 9p, a variable pror 



portion of patients arc homozygous forJAK2V$\ 7F. Other 
recurrent mutations are located in the transmembrane- 
juxtamembranc junction of MPL (tryptophan to either leu- 
cine [W515L] or lysine [W5I5K]); 17 they have been re- 
ported in approximately 10% of PMF and 1% of ET, while 
they are absent in PV or other myeloid disorders. 17 * 19 In 
some patients with PMF JAK2 and MPL mutations coex- 
ist, 1 *- 1 ? but no data are available yet for ET. Expression of 
the MPLW515L mutation in recipient mice resulted in a 
rapidly ratal myeloproliferative disorder with analogies to 
human myelofibrosis, associated with marked thrombocy- 
tosis J 7 On the other hand, mrombocytosis did not develop 
after transplantation of cells transfected with mutant JAK2; 
recipient mice presented with very large increases of red 
cells and eventually progressed to a phenotypc resembling 
postpolycythemic myelofibrosis. Therefore, the exact role 
of the V6 1 7F allele in the pathogenesis of thrombocytosis 
in CMPD remains unclear, 211,21 

The association of thrombocytosis with ringed 
sideroblasts is a rare condition mat is referred as to. refrac- 
tory anemia with ringed sideroblasts and marked thrornb- 
ocytosis (RARS-T) and is included in the WHO category of 
myelodysplastic/myclopToliferative disease, unctassifiable. 
The V617F mutation has been detected in about half of the 
patients reported in several small scries. On the other hand, 
the JAK2V6\7¥ mutation has been found in only 6% of 97 
patients with the 5q- syndrome, a myelodysplastic syn- 
drome with isolated interstitial deletion of the long arm of 
chromosome 5(q3 l-q33), characterized by macrocytic ane- 
mia, variably elevated platelet count, hypolobated mega- 
karyocytes m bone marrow biopsy, and a favorable course. 22 
In this scanty :^roup of patients, the presence of tlie VGT7F 
mutation correlated with higher platelet count. 

Differential diagnosis of thrombocytosis 

A diagnostic flowchart for thrombocytosis is presented in 
Figure 2. Confirmation of incidentally discovered throm- 
bocytosis by performing blood tests within a few weeks of 
each other, especially if the platelet count increase is bor- 
derline^ is wise; if the platelet count is stillvgreatcr than 450 
•X- W/L, the first step is to exclude any concomitant dis- 
ease that- might have caused a reactive increase. However, 
in the absence of any obvious clinical manifestations and 
laboratory abnormalities that might alert the physician to- 
wards a specific diagnosis, we suggest genotyping for 
JAK2V617F as a first intention diagnostic test. The allele- 
specific oligonucleotide (ASO) PGR assay, as originally 
dcscribcd ) is relatively simple, reproducible, and afford- 
able, and if positive, will establish diagnosis of primary 
thrombocytosis; unfortunately, unlike in PV, the presence 
of mutation is not essential for a diagnosis, since, nearly 
40% of patients with ET according to WHO criteria are 
JAK2 wild-type. In addition, the median level of V6J7F 
allele burden in ET is in the low range, and only one-fourth 
of mutant patients may harbor more than 25% mutant alle- 
les. Therefore, it is also possible mat some patients with 
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Mutant 



Wifd^type 
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|neg 



I Bone marrow histology ;■ 



Figure Diagnostic algorithm for a patient with persistent 
thrombocytosis. 

Abbreviations: CMt, chronic myelogenous leukemia; CUPD, 
chronic myeloproliferative disorders; MDS r myelodysplastic 
syndromes. 

very low allele burden go undetected at the sensitivity level 
of the ASO-PCR, which is in the range of 2% "to 3%, and 
will probably require more sensitive assays for their identi- 
fication. The frequency of patients with ET who are 
JAK2V6WY homozygous is only 2% to 4%, significantly 
lower than in PV and PMF (about 25% to 30%) or second- 
ary (post-poiycythemic/post-thrombocyOicmic) myelofi- 
brosis (more than 60%). However, neither heterozygosity 
versus homozygosity nor findings of low V6I7F allele 
burdehare useful criteria, in favoring or excluding diagno- 
sis of ET versus other CMPD, -Frequency of the MK2V61 7F 
mutation seems to be even lbwer in childhood ET. Randi et 
ai found that only 4 of 20: children with ET harbored the 
mutation (20%) * while 7 of 1,8 : children (38%) were mu- 
tated, in the study by Tcofili etaL 24 Final ly t there are reports 
of a few patients with ET in which: the mutation was appar- 
ently restricted to the megakaryocyte lineage. 3 * 

Therefore, while pathognomonic of a CMPD, presence 
of the JAK2y617¥ mutation in the setting of an isolated 
thrombocytosis lacks specificity in regards to diagnostic 
subtype; consequently, assessment of bone marrow mor- 
phology remams mandatory in the diagnostic Wbrk-up of 
gpwi (TabJe 1 aiid Figure 2). In this disorder, bone mar- 
row megakaryocytes . arc increased in number and either 
dispersed throughout the section or in loose clusters, they 
have mature appearance, have deeply tabulated and 
hyperlobulatcd nuclei, and can be differentiated from die 



highly bizarre, tightly clustered, megakaryocytes found in 
typical PMF with reticulin and/or collagen fibrosis, or from 
thedysplastic, hypolobated and dispersed megakaryocytes, 
associated with signs of dysplasiic eiythropoiesis and/or 
granuloeytopoiesis encountered m MDS, 2 * 27 Furthermore* 
die stimulation of erythroid arid granulocytic lineage that 
characterizes PV, or the granulocytic proliferation found in 
PMF, are typically absent in ET, and bone marrow cellular- 
ity is normal or minimally increased- Oh the other hand, 
distinction of from prefrbrotic PMF is more cumber- 
some and requites accurate hone marrow evaluation to iden- 
tify typical megakaryocyte morphologic changes accom- 
panied by findings of increased cellularity with granulo- 
cyte proliferation and often decreased erythroid precursors. 2 * 
To enhance diagnostic accuracy, the revised WHO criteria 
require that at least two of the typical clinical features 
(lcukocrythrobiastosis. increased serum lactate dehydro- 
genase levels, anemia, and palpable splenomegaly) are 
present fot;a diagnosis ofprcfibrotic PMF when significant 
rcticulin fibrosis is absent 10 

in; secondary thrombocytosis, serum levels of TPO are 
generally increased, either as a direct result of TPO over- 
production or via the increased levels of acute-phase reac- 
tants, such as interleukin-6 y which m turn induce the ex- 
pression of TPO in liver cells. 1 ,2 However, quantification of 
TPO levels is not clinically sound, because some patients 
with reactive thrombocytosis do not display an appreciable 
increase of plasma TPO, and conversely, TPO levels may be 
cither elevated or inappropriately normal in patients with 
thrombocytosis due to CMPD. In this ease* elevated TPO 
levels do not originate from increased WO. transcription, 
but from defective hormone clearance duetoc-Mpl abnor- 
malities. Raised levels of some inflammatory markers, such 
as C-reactive protein, ferritin or fibrinogen, and an elevated 
erythrocyte sedimentation rate, together with normal or 
minimally modified lactate: .dehydrogenase levels, are all 
typical of reactive thrombocytosis; however, an inflamma- 
tory process may be found in patients with ET as well, so 
these markers cannot be considered discriminatory at all. 

Thrombocytosis and Thrombosis: 
An Uneven Relationship 

Generally speaking, reactive thrombocytosis is not a risk 
factor for thromboembolic complications, notwithstand- 
ing that the rate of thrombosis^ preferentially restricted to 
the venous system, is increased in patients with underlying 
malignancy* especially when additional risk factors are 
present Erythromelalgia, a manifestation typical of patients 
with ET,.has : noihceii described in reactive thrombocytosis 
of various causes, 39 Thrombotic complications .have been 
reported infrequently in HT' 1 as well as m childhood reac- 
tive thrombocytosis, although some occurred in children 
with thalassemia or following splenectomy for different 
reasons. Conversely, thrombosis represents me second lead- 
ing cause. of mortality, after hematologic transformation, in 
patienfe with PV orET. Reportedfigures ranged from 12% 
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to 39% in PV and from 1 1% to 25% in ET; the retrospec- 
tive, uncontrolled nature of the studies, together with the 
relatively small number of patients included and variable 
follow-up, may explain the wide range of values de- 
scribed/ 0 ^ in childhood ET, thrombosis probably occurs 
at a rate similar to adults, affecting one-third of children at 
diagnosis and one-fifth during follow-up. 6 Epidemiologic 
inference from rwo prospective studies, the ECLAP and the 
MCR-PT1 , indicated that the cumulative rate of cardiovas- 
cular events ranged from 2,5% to 5.0% and from 1.9% to 
3% per patient-year in PV and ET, respectively, depending 
on the low- or high-risk patient category.* 32 Arterial throm- 
bosis accounts for 60% to 70% of the events, and includes 
ischemic stroke, acute myocardial infarction (AMI), and 
peripheral arterial occlusion. Events involving the venous 
system are preferentially represented by lower-ext^mities 
deep venous thrombosis, pulmonary embolism, and intra- 
abdominal {hepatic, portal, and mesenteric) vein thrornbo- 
sis; the prevalence of the latter is unusually high among 
patients with PV or ET, and homozygosity for muta- 
tion in the setting of ET maybe a risk factor." Involvement 
of the. raicrocirculatory system is typical, but not exclu- 
sive, of ;ET, and manifests as crythromelalgia, transient is- 
chemic attacks (TIA), visual or hearing transitory defects, 
recurrent headache, and peripheral paresthesia; however, 
due to the lack of objective diagnostic criteria, true inci- 
dence is unknown. 3 * 

Pathogenesis of thrombosis in CMPD is multifacto- 
rial;! rhcologic abnormalities due to increased red cell mass 
■iri.PV, abnormal function of platele ts,, and enhanced inter- 
action with leukocytes and endothelial cells are all pos- 
sible contributing factors. As for thrombocytosis p&m$o 
obvious correMbnwith risk of major caidiovascular events 
has been demonstrated in a number of studies, although 
clinical improvement oifmicrocirculatory disturbances and/ 
or improved platelet function after control of thrombocy- 
tosis have been reported. 50 - 11 In the PVSG study, platelet 
count closest to thrombotic event did not predict for its 
occurrence. Also, in the ECLAP prospective study, which 
enrolled 1638 PV patients with a median follow-up of 2.8 
years and registered 226 thrombotic events, platelet count 
was not associated with thrombosis; major thrombosis oc- 
curred in 8.3% and 93%. of patients whose baseline plate- 
let count was greater, or lower, than 400 x 10 9 /L, respec- 
tively, 3 " Incidentally, in that analysis, hematocrit in the 
range of 40% to 55% was not associated with occurrence. of. 
thrombosis. Finally, against a direct relationship between, 
increased platelet count and thrombosis stand the results 
of MRC^PTl trial, which randomly allocated 809 patients 
with high-risk ET to receive either hydroxyurea (HU) or 
anagrelide,Jyn addition to low-dose aspirin. Despite similar 
control of platelet count by either drug, patients receiving 
HU were less likely to reach the composite endpoint of 
arterial thrombosis (TIA, AMI, unstable angina, thrombotic 
stroke) or vascular death than patients receiving anagrelide; 
however, the frequency of venous ui.rpmbosis was signifi- 



cantly reduced to about 25% in the tatter group.* On the 
other hand, a correlation between thrombocytosis and 
thrombosis has been reported in PMF, a condition where 
cardiovascular events are definitely less frequent than in 
PV or ET, and in which thrombocytosis is found in only a 
proportion of the patients. 35 In a series of 155 patients with 
31 thrombotic events recorded in 18 of them (11.6%), mul- 
tivariate analysis identified platelet count greater than 450 
x 107L as a predictor for major cardiovascular events oc- 
curring at diagnosis; other factors associated with throm- 
bosis were presence of generic cardiovascular risk factor, 
hemoglobin greater than 110 g/L, and cellular phase of 
disease. Probability of thrombosis-free survival at 5 years 
was 80.6% and 96.2% in patients having more, or less, than 
450 x 1CP/L platelets, respectively. Finally, uncertainties 
about the role of thrombocytosis in pathogenesis of throm- 
botic events are well reflected in the variable opinions about 
need, or opportunity, to control platelet counts in patients 
widi PV uSat Were manifested by expert hematology from 
North America, 36 and also in the wide range of platelet count 
observed in the ECLAP study as :: opposite to the relatively 
narrow levels at which hematocrit was maintained * 

Taken as a whole, these data weaken the intuitive role 
of increased platelet counts in the pathogenesis of throm- 
bosis in CMPD, but they do not undermine the signifi- 
cance of several other lines of evidence for a contribution 
of platelets to thrombotic risk. In case of crythromelalgia 
in patients with ET, histopathology showed dermal arteri- 
olar involvement, with arterial thrombi stained strongly for 
von Willebrand factor and weakly for fibrin. The prompt 
relief of symptoms with aspirin, the normalization of tests 
measuring. //two platelet activation, and the inefficacy of 
warfarin and: heparin were all highly suggestive for plate- 
let-mediated microvessel occlusion. 29 Furthermore, the 
ECLAP study has demonstrated the efficacy of low-dose 
aspirin in re^iucingthe risk of cardiovascular events inPV 
(relative risk $72; 95% CI, 0,53-0.9)^ patients random- 
ized to receive .aspirin had a 60% reduction of combined 
endpoint of nonfatal AMI* nonfatal stroke, or death from 
cardiovascular causes. Unfortunately, notwithstanding a 
number of platelet functional abnormalities or defects of 
membrane and granuli proteins have been described in 
CMPD , no consistent correlation with cardiovascular events 
iri either PV or ET has been demonstrated. 5 ' 31 However, in- 
creased formation of ncutrophil-platelet aggregates, asso- 
ciated with enhanced expression of activation markers 
CD1 lb and CD62P, has been reported in patients with ET 
and ?Vf and possibly correlated with patient history of mi- 
crovascular or major thrombotic events; interestingly, in vitro 
formation of leukocyte-platelet: aggregates was reduced in 
patients who had been treated with aspirin and/or HU." 

A specific issue is represented by the occurrence of 
thrombocytosis following splenectomy in PMF. Thromb- 
ocytosis developed in 28,6% of 314 patients who under- 
went splenectomy, with 5 .4% having platelet counts greater 
than 1000 x lOVL. No correlation was found between pres- 
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ence of postsplcnectomy thrombocytosis and vascular 
events, which involved 10% of the patients; interestingly, 
thrombosis occurred in the portal vein or other close me- 
senteric/intestinal vessels in 84% of patients, suggesting a 
local, anatomic reason for thrombosis rather than a direct 
consequence of increased platelet count. 3 * However, al- 
though not evidence-based, there is general consensus on 
the opportunity to control thrombocytosis after splenec- 
tomy with cytotoxic therapy or platelet apheresis,. 

paradoxically, the only clinical event that has been 
clearly associated with extreme thrombocytosis in patients 
with CWPD or CML is represented by hemorrhages, which 
are ascribed to increased clearance of the largest von 
WilJebrand factor mulrimers fromplasma mediated by plate- 
let-dependent interactions., the same phenomenon, although 
generally asymptomatic, has been reported occasionally in 
secondary thrombocytosis, particularly in those arising after 
splenectomy. 1 Reduction of platelet count proved effective 
m normalizing the von Willebrandmuitimcrpro^ 
and in reducing bleeding tendency, 1 ' 30 ' 31 

Risk Factors for Thrombosis 

Due to the considerations above, it is not surprising that 
thrombocytosis is not considered among the criteria for 
thrombosis risk assessment in CMPD {Table 2). Indeed, 
established risjc factors for mrombosis m both Et and PV 
are oider age (>60 years) and previous thrombosis history; 
and the presence of cither of these, define a "high-risk" 
category o f candidates for myelosuppressive therapy- 9 The 
role of conventional cardiovascular risk factors (smoking, 
hypertehsionV diabetes, dyslipidemia) is under debate and 
not currently considered in risk classifications; however, 
they sjiould .be actively corrected as much as possible, es- 
pecially smoking habits. Also, the role of inherited or ac- 
quired thrombophilia conditions is unclear;, the Italian 
guidelines for ET management recommended routine 
screening m ET patients with cither personal or familial 
history of thrombosis, 40 while indications from the British 
guidelines were the opposi lev" 

On the other hand, recent data indicate that a novel, 
powerful risk factor for thrombosis in both PV 41 and ET 42 is 
represented by leukocytosis. Particularly in ET, presence of 
leukocytosis allowed to identify a subgroup of ^low-risk" 
patients who actually had a hazard ratio for thrombosis 3,1 - 
fold greater than conventional ^ow-risk- category and simi- 

Table 2, Established and novel, potential risk factors for 
thrombosis in patients with polycythemia vera {PV) or 
essential thromboeythemla (ET), 



Established 
risk factors 



Potential 
risk factors 



PV Age a 60 y Leukocytosis 41 

Previous thrombosis VB1 7F allele 2: 75% 48 

ET Age £ 60 y- Leukocytosis 42 

Previous thrombosis mutation 44 

Platelets 2 .1 500 x 10 5 /L JftK2V61 7F homozygosity 33 



lar to ^high-risk" pat-ients 42 These observations are in line 
with evidence of enhanced leukocyte activation and forma- 
tion of platelet-ncutrophil aggregates^ 7 and with the results 
of the PT-1 trial where HU (as a global myelosuppressive 
agent) was superior to anagrclide (a platelet-only reducing 
agent) in preventing arterial thrombosis. The effects of HU on 
leukocyte count and activation might also underlie the cor- 
relation between control of platelet count and reduction of 
thrombosis rate observed in the first prospective study in 
high-risk patients with ET by Corteiazzo ct al. 43 

Whether theprcsence oftheJ4£?V617F mutationand/ 
or the burden, of mutant allele affect on thrombosis occur- 
rence is being investigated. An increased risk of thrombo- 
sis in ET patients with mutation has been reported in some 
studies 44 but denied in others.* 5 - 1 * In the ILK. study on 806 
patients with ET, increased risk of venous thrombosis was 
found in patients with mutation; 47 furthermore, in an Ital- 
ian retrospective cooperative study on 639 patients with 
ET, this 14 patients harboring an homozygous mutation 
presented ...a significantly higher. rate of both arterial and 
venous thrombosis compared with wild-type or heterozy- 
gous counterparts. w In case of PV, evidence has been pre- 
sented that thrombotic risk is significantly increased only 
in. patients with 75% or greater mutarit-allele burden at 
diagnosis. 48 However, it must be also considered that the 
JAK2 mutation is associated with raised leukocyte count 
and perhaps more pronounced.activation of platelets and leu- 
kocytes, which might represent confounding factors. There- 
fore, available information concerning the prognostic rel- 
evance . of JAK2 mutation as concerns thrombosis is still 
largely inconclusive. 

How We Manage Thrombocytosis 

It is out of the scope of -this review to exhaustively address 
general treatment issues in CMPD, whether or not they have 
associated thrombocytosis; comprehensive reviews have 
recently been published 4 -" 1 ^ 54 

Improvement or resolution of underlying disease re- 
sults in normalization of platelet count in reactive thromb- 
ocytosis- sometimes, particularly if generic cardiovascular 
risk factors are present, prolonged increase of platelet count 
after splenectomy for any cause is managed with aspirin for 
thrombosis- prophylaxis, but no prospective Mai support- 
ing this practice exists. As concerns. primary thrombocyto- 
sis, the lack o£evidence-bascd correlation with occurrence 
of thrombotic events translates into the lack of a clear ra- 
tionale for correcting platelet count to normal levels as an 
effective measure- to prevent thrombosis; Conversely, the 
strongest recommendation for treating primary thrombocy- 
tosis is: the prevention of hemorrhagic complications due 
to- acquired von Willebrand disease, particularly when the 
platelet count is greater than 1500 * Therefore, the 
. decision whether to treat a patient with primary thromb- 
ocytosis relies on the identification of evidence-based clini- 
cal risk factors for thrombosis, with due attention to novel, 
potential, laboratory markers such as leukocytosis and 
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JAK2V6U? mutational status (Table 2), rather than on 
platelet count per se. 

According to current guidelines, ET patients older than 
60 and/or with a positive history of previous thrombotic or 
hemorrhagic events are candidates for cytoreductive treat- 
ment, with II U being considered as the drug of choice; 40 
Itesuggcstcd platelet count target level varies; itshould 
ie:400xl OVL in patients with history of thrombosis, ^ile 
600 x JG7L is considered acceptable m those at hijgh lil^k 
because of older age but with no vascular episode^ 0 In 
cases of clinical resistance or intolerance to HU* defined 
according to criteria recently reported, w ana^lto can^be 
considered. Switching to alternative drugs such as aljfylat- 
ing agents is reported to be associated with an increased 
risk of developing acute leukemia; therefore, this choice 
should be confined to elderly people at very high risk of 
life-threatening vascular complications. The use of inter- 
feron-©; may be worthwhile in younger patients, and it is 
the drug of choice in a pregnant woman with ET. 53 

There is clearly a rationale for the use of low-dose as- 
pirin inpatients with PV, according to the results ofECLAP 
study, regardless of the presence and extent of thrombocy- 
tosis 6 ; in high-risk patients it is: safely combined with HU, 
with no substantial increase of serious bleeding, while in 
low-risk patients it can be used as a single prophylactic 
agent. Although no formal randomized study demonstrates 
mat aspirin effectively prevents thrombosis in ET, results 
of the PT-i trial established low-dose aspirin plus HU as 
standard treatment for high-risk patients with ET. 7 On the 
other hand, increased risk of bleeding was observed in pa- 
tients receiving the combination of aspirin and anagrelide, 
likely due to combined inhibitory effect on platdejt func- 
tion by the two drugs, the use of aspirin as primary pro- 
phylaxis in asymptomatic, low-risk patients with ET is not 
supported by available evidence, and, indeed, Italian guide- 
lines actually do not recommend it. 40 

Platelet apheresis is-used in rare circumstances, due to 
short-term efficacy arid- the need for daily procedures; how- 
ever, it may be recommended in emergencies when there is 
an urgent need to reduce extreme thrombocytosis, a$ is the 
case of acute and life-threatening, severe bleeding. 

Finally,; there is great interest and hope in theprospect 
of molecularly targeted therapy with inhibitors of the con- 
stitutively active mutant JAK2, or with novel drugs that 
might act at different points of the activated JAK-STAT 
signaling pathway. 
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EXHIBIT 2 



thromboangiitis 



1808 



thromboendarterectomy 



botic occlusion and commonly resulting in gangrene, syn Buer- 
ger's disease, Winiwarter-Buerger disease. 

throm-bo-ar-te-ri-tis (thrombo- ar-ier-ftis). Arterial inflamma- 
tion with thrombus formation, 

throm-bo as the nia (throm'bd-as-the'ne-a). syn thrombasthe- 
nia. 

throm bo blast (throm'bo-blast). syn megakaryocyte. 

[thrombo- + G. blastos, germ] 
throm-bo clas tic (throm-bo-klas'tik) . syn thrombolytic, 
throm bo cyst, throm bo cys tis (truom'bo-sist, -sis'tis). A 

membranous sac enclosing a thrombus, (thrombo- + kystis, a 

bladder] 

throm bo cy fas- the nia (throm'bo-sT-tas-th6'ne-a), A term for 
a group of hemorrhagic disorders in which the platelets may be 
only slightly reduced in number, or even within the normal 
range, but are morphologically abnormal, or are lacking in fac- 
tors that are effective in the coagulation of blood, [thrombocyte + 
G. astheneia, weakness] 

throm-bo-cyte (throm'bo-slt). syn platelet, [thrombo- + G. 
kytos. cell] 




thrombocyte (or platelet) 
note granulation in center (granulomere) and microtubules in the 
periphery (hyalomere) 



throm-bO'Cy-the-mia (throm'bd-sT-theW-&). syn thrombocy- 
toses, [thrombocyte + O. haima, blood] 

throra bo- cy- tin (throm-bo-sTtin). syn serotonin. 

throm-bo*cy'topa«thy (ihrom'bo-sT-top'a-the). General term 

' for any disorder of the coagulating mechanism mat results .from 
dysfunction of the blood platelets, [thrombocyte + G, pathos* 
suffering] 

throm-bo-cy- tope-nia (thromljo-sT-to-pe'ne-5), A condition in 
which there is an abnormally small number of platelets in the 
circulating bloodi syn thrombopenia. [thrombocyte +' G. penia, 
poverty] 

autoimmune neonatal t, isoimmune neotal thrombocytopenia 
canine infectious cyclic t, an infection of dogs with the rickett- 
sia Ehrlichia platys characterized by recurrent cyclic L 
essential t, a primary form of L, in contrast to secondary forms 
mat are associated with metastatic neoplasms, tuberculosis, and 
leukemia involving the bone marrow, or with direct suppression 
of bone marrow by the use of chemical agents, or with other 
conditions. 

immune t, t associated with antiplatelet antibodies, see isoim- 
mune neonatal t, autoimmune neonatal t 
isoimmune neonatal t, immune L resulting from maternal-fetal 
platelet incompatibility. 




throm bo cy to poi e-sis (throm'bo-sr-to-poy-e'sis). The pro- 
cess of formation of thrombocytes or platelets, [thrombocyte + 
G, poiesis, a making] 

throm bo cy to sis (throm'bo-si-td'sis). An increase in the num- 
ber of platelets in the circulating blood, syn mrombocythemia, 
[thrombocyte + G. -osis, condition] 

throm bo-e-las to-gram (tlirom / bo-e-las'to-gram). Registration 
of coagulation process by a thromboelastograph. 




thromboelastogram 
a) normal; b) in thrombocytopenia; coagulation tune lengthened 
because of delayed formation of coagulants (k); maximal amplitude 
(M) is clearly reduced 



throm bo e las to graph (tm^ml^-la/to-graf). Apparatus 
for registering elastic variations of a thrombus during the process 
of coagulation, [thromb- + G. elastred, to push, + graphd, to 
write] 

throm bo em bo lec to nry (throm1>6^em-bo-lek'to-me). Ex- 
traction of an embolic thrombus, [thrombo- + G. embolosi embo- 
lus,, + ektome, excision] 

thromboembolism (throm'bo-em'bo-lizm). Embolism from 
a thrombus, [thrombo- + G. embolismos, embolism] 

throm*tH^end*ar-ter*ec-to»my (throm'bo-end-ar-ter-ek' to-me). 
An operation that involves opening an artery, removing an oc- 
cluding thrombus along with the intima and atheromatous mate- 
rial, and leaving a clean, fresh plane internal to the adventitia, 
[thrombo- + endarterectOmy] 



